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Atherosclerotic CVD is the most common cause of death in the West. Yet, its pathogenesis and
early development are only partially understood. Central to the early atherosclerotic process is
impairment of vascular endothelial function. Endothelial dysfunction can be measured non-
invasively and is evident in children before clinical manifestations of atherosclerosis in
adulthood. Factors in early life, such as conventional cardiovascular risk factors, or
programming by perinatal growth and nutrition strongly affect endothelial function and hence
the development of atherosclerosis and CVD. For instance, low birth weight and faster growth
early in infancy have a detrimental effect on vascular structure and function. Childhood
obesity, a key independent risk factor for CVD, also adversely affects early vascular health.
Obesity is associated with endothelial dysfunction and greater arterial stiffness from as early as
the first decade of life, while weight loss is beneficial. This effect on vascular function is
probably mediated in part by low-grade inflammation and insulin resistance associated with
obesity or by the production by adipose tissue of cytokine-like molecules, collectively termed
adipokines. A high leptin concentration, in particular, is found in obese individuals and is
strongly associated with vascular changes related to early atherosclerosis. The present review
focuses on the early origins of endothelial dysfunction, emphasising the role of obesity. It also
considers the mechanisms by which obesity impairs endothelial function, understanding of
which will be important to further scientific knowledge and to improve public health.

Endothelial dysfunction: Role of obesity: Early origins of CVD

With a one in two lifetime risk at the age of 40 years,
atherosclerotic CVD is the most important cause of death
in Western populations (Lloyd-Jones et al. 1999). Yet,
despite great progress in its prevention and management
much remains unknown about its pathogenesis and early
development.

Indeed, despite extensive epidemiological research
standard risk factors such as obesity, smoking, high blood
pressure and family history identify only 60% of the men
at risk of myocardial infarction (Shaper et al. 1986). In fact,
most deaths from CHD occur in men classified as at low
risk by the Framingham equations (Brindle et al. 2003).
Consequently, in the last 20 years there has been a major
research investment into the lifestyle and environmental
factors that might explain cardiac events in individuals
considered by conventional methods to be at low risk.

It is now known that factors which act early in life
have a major impact on the development of atherosclerosis
and lifetime risk of CVD. Atherosclerosis has been shown

to have a long preclinical phase, with development of
pathological changes in arteries of children and young
adults well before clinical manifestations of the disease in
adults (Stary, 1989). Factors that act in fetal life (‘the fetal
origins of CVD hypothesis’; Barker et al. 1993) and the
early postnatal period (Singhal & Lucas, 2004) influence,
or programme (Lucas, 1991), the development of athero-
sclerosis and its complications. This programming might
occur directly via an effect on vascular physiology (Leeson
et al. 1997, 2000) and also via the programming of cardio-
vascular risk factors such as obesity (Singhal et al. 2002b).
Conventional cardiac risk factors that act in childhood
might be particularly detrimental (Klag et al. 1993). For
instance, obesity in childhood has adverse effects on adult
cardiovascular health that are independent of adult weight
(Must et al. 1992; Vanhala et al. 1998).

The ability to detect non-invasively the earliest physio-
logical changes in the vascular biology of atherosclerosis
has transformed the understanding of early cardiovascular
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risk factors. Although the development of atherosclerosis
is a complex interaction between endothelial cells, plate-
lets, inflammation and dyslipidaemia, a key early stage in
this process is impairment of endothelial cell function.
Thus, measurement of endothelial dysfunction using
high-resolution vascular ultrasound allows investigation
of the early origins of CVD without the need to follow
individuals to an age when clinical manifestations of
atherosclerosis become apparent. These techniques suggest
that programming effects and classical cardiovascular risk
factors such as obesity impair endothelial function from
as early as the first decade of life (Leeson et al. 1997). The
present review focuses on the early origins of endothelial
dysfunction, emphasising the role of obesity and the
mechanisms by which adiposity impairs vascular health.

Endothelial dysfunction is central to the development
of atherosclerosis

Furchgott & Zawadzki (1980) were the first to identify the
central role of the endothelium, the cellular monolayer
that lines the vasculature, in arterial physiology. They
discovered that the production of a relaxing factor
(endothelium-derived relaxing factor) is essential for the
vasodilator action of acetylcholine in isolated arterial
strips. Subsequently, endothelium-derived relaxing factor
was characterised by Moncada and colleagues (Palmer
et al. 1987) as NO. It is now known that endothelial-
derived NO is an important anti-atherogenic molecule that
not only has vasodilator actions, but also inhibits platelet
activation, monocyte–endothelium interactions and smooth
muscle cell proliferation and migration. Thus, a reduction
in NO bioavailability, both by a decrease in production
or by its inactivation, e.g. by reactive oxygen species, is a
measure of the health of the endothelium and directly
facilitates the development of atherosclerosis.

Indeed, the pivotal role of the vascular endothelium
in the pathogenesis and progression of atherosclerosis is
now well established (Ross, 1993). These cells are impor-
tant in the regulation of vasomotion, thrombosis and
inflammation. Consequently, impaired endothelial function
is an early stage in the atherosclerotic process and can
be detected before the development of angiographically-
important atherosclerotic plaques in both coronary and
peripheral vessels. In fact, there is a spatial relationship be-
tween endothelial function and sites of atheroma (Anderson
et al. 1995). Furthermore, endothelial dysfunction in
peripheral arteries correlates closely with endothelial dys-
function in the coronary arteries, shows a ‘dose–response’
relationship with classical cardiovascular risk factors and
improves with pharmacological therapies and lifestyle
interventions that aim to reduce cardiac risk (Mullen et al.
1997). Importantly, endothelial dysfunction is not simply a
marker of early vascular disease but a measure of the
primary vascular injury that initiates the process of
atherosclerosis (Mullen et al. 1997).

Endothelial dysfunction is also directly related to
clinical outcomes (Kuvin & Karas, 2003). Coronary events
are markedly more common in men with or without mild
coronary artery disease who have impaired coronary
endothelial function. Impaired brachial artery endothelial

function independently predicts both post-operative out-
comes in high-risk patients undergoing peripheral vascular
surgery and, in older individuals, clinical cardiovascular
events. Endothelial function, therefore, appears to be of
prognostic value independent of traditional cardiovascular
risk factors.

Measurement of endothelial function

The function of the endothelium is usually assessed in
either the coronary or peripheral circulation. Coronary-
artery endothelial function is most commonly determined
by the intra-coronary infusion of acetlycholine, which
causes release of NO and hence coronary artery vaso-
dilation. In the peripheral circulation the brachial artery is
the most frequent site although carotid, superficial femoral
and radial arteries have also been used. Brachial artery
endothelium function is usually measured non-invasively
by flow-mediated endothelial-dependent vasodilation
(FMD). Typically, ischaemia is induced in the forearm or
hand using a tourniquet inflated to above systolic pressure.
Release of the tourniquet causes reactive hyperaemia, an
increase in blood flow through the brachial artery, and
hence a release of NO. The resulting vasodilation is
measured by continuous high-resolution ultrasound and the
maximum vasodilation is expressed as a percentage of the
baseline brachial arterial diameter (Leeson et al. 1997).
Maximal FMD shows quite wide variability even in healthy
young subjects, but correlates closely with endothelial NO
bioavailability. In experienced hands the technique demon-
strates excellent reproducibility (Sorensen et al. 1995),
while the portability of the equipment allows large-scale
national epidemiological studies in large numbers of
participants.

Other measures of the function and integrity of the
endothelium include various biochemical markers. For
instance, concentrations of cellular adhesion molecules,
which play a key role in leucocyte adherence, are elevated
in patients with atherosclerosis and may predict cardiovas-
cular risk (Parker et al. 2001).

Arterial distensibility

Another key measure of early atherosclerosis is the
stiffness or elasticity of the arterial wall. Arterial stiffness
(or compliance) is determined by arterial transmural pres-
sure and its structural components of mainly collagen and
elastin. Like endothelial function, arterial stiffness can be
measured, non-invasively, using high-resolution ultrasound
and is determined, in part, by basal endothelial NO pro-
duction, which suggests a common mechanism for the
vascular changes associated with early atherosclerosis
(Wilkinson et al. 2002). Furthermore, arterial stiffness
correlates closely with the extent of atherosclerotic disease
(Hirai et al. 1989), with cardiovascular risk factors (even
from a young age; Tounian et al. 2001) and with cardio-
vascular risk (Blacher et al. 1999).

Arterial stiffness is usually estimated from the arterial
distensibility, which is measured as the change in arterial
diameter of a peripheral artery caused by the pulse
pressure (Lehmann et al. 1997). Systolic blood pressure
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minus diastolic blood pressure obtained from the same
limb provides a proxy for the pulse pressure at the cross-
section of the blood vessel being studied. A smaller change
in arterial diameter per mm Hg pulse pressure indicates a
stiffer artery.

Alternatively, arterial stiffness is estimated indirectly
from the pulse wave velocity, i.e. the time it takes the pulse
wave to travel a given distance along the vasculature.
Pulse wave velocity is increased in stiffer arteries and can
be measured in the peripheral and central circulation using
techniques such as Doppler ultrasound and magnetic
resonance imaging (Lehmann et al. 1997). These methods
depend on both the precise measurement of transit time
and the path length.

Collectively, therefore, measures of vascular function
such as FMD and arterial distensibility provide unique
tools for the investigation, non-invasively, of the early
origins of CVD. These measures are closely associated with
cardiovascular risk factors and, at least in older individuals,
show some prognostic value. Moreover, unlike other
cardiovascular outcomes, these techniques can be used to
measure the earliest stages of the atherosclerotic process in
children, thereby avoiding some of the confounding effects
of risk factors later in life on programming of adult
coronary artery disease. Finally, early vascular dysfunction
provides a potential mechanism that links factors in early
life with later CVD.

Endothelial function and the programming of
adult CVD

Over the last 20 years, the idea that nutrition and growth in
early life contribute to the risk of adult CVD and its risk
factors has been a major focus for research. However,
despite a substantial research investment in the field, most
previous data have been observational and retrospective.
More recently, the application of non-invasive techniques
to detect the early stages of atherosclerosis in children and
young adults has allowed prospective studies and helped
elucidate the mechanisms involved.

Historical overview

The first evidence for critical windows in development was
that of early ‘imprinting’ behaviour of birds, which was
initially published in 1873 (Spalding, 1954). Then, in the
1960s McCance (1962) showed that nutrition could act
during such windows to programme later biology. He
showed that rats raised in small litters, and therefore
overfed early in postnatal life, are programmed for greater
body size as adults. Subsequently, rats overfed in the brief
suckling period have been shown to have higher plasma
insulin and cholesterol concentrations (Hahn, 1984), while
early nutrition in baboons has been found to have a major
impact on later obesity (Lewis et al. 1986) and athero-
sclerosis (Lewis et al. 1988).

The concept that factors early in life affect long-term
health has been confirmed extensively in man. Barker and
others (Barker et al. 1993; Frankel et al. 1996) have shown
that low birth weight and weight at age 1 year is associated
with a greater risk of later CVD (Barker et al. 1993),

particularly in those individuals who become obese
(Frankel et al. 1996) or show catch-up growth in child-
hood. Interpreted as an adverse long-term effect of poor
fetal nutrition and growth in infancy (the ‘fetal origins of
adult disease hypothesis’; Barker et al. 1993), these studies
have led to calls for public health policies that promote
fetal or maternal nutrition and infant growth.

Nevertheless, despite extensive epidemiological research,
a causal role for fetal nutrition or growth in programming
long-term health has not been established. ‘Catch-up
growth’ in infancy has been postulated to explain associ-
ations between low birth weight-for-gestational age and
later cardiovascular risk factors (Cianfarani et al. 1999).
Other explanations have included the selective survival
in infancy of those predisposed to later disease, or the
influence of genes on both low birth weight and later
cardiovascular risk factors. Most explanations, however,
have emphasised a central role for intrauterine growth
retardation. For instance, for the programming of insulin
resistance, as reviewed recently (Cianfarani et al. 1999),
these explanations have included the ‘thrifty phenotype’
hypothesis, ‘fetal salvage’ model and an effect of early
‘catch-up growth’ on later insulin-like growth factor 1
concentration.

These earlier studies have raised a common hypothesis,
that programming of atherosclerosis in adults by subopti-
mal fetal nutrition (Martyn et al. 1998) predisposes to
coronary artery disease. However, interpretation of these
earlier reports has been limited by their retrospective
design. Recent prospective data suggest that programming
effects are seen much earlier in the atherosclerotic process.
For instance, low birth weight correlates with endothelial
dysfunction measured by biochemical techniques (Mc-
Allister et al. 1999) and by FMD (Leeson et al. 1997,
2001) or acetylcholine-induced vasodilation (Norman &
Martin, 2003). Small size at birth is also associated with
preclinical atherosclerotic changes such as greater intima-
media thickness (Lamont et al. 2000) and impaired arterial
distensibility (Cheung et al. 2004). These effects are found
even in young children (Leeson et al. 1997; Martin et al.
2000; Cheung et al. 2004) and are modified by classical
cardiovascular risk factors in adulthood (Leeson et al.
2001) and by extreme prematurity (Norman & Martin,
2003). The finding that vascular function is impaired in
infants born small-for-gestational age, but not in those of
low birth weight as a consequence of prematurity (Singhal
et al. 2001b; Cheung et al. 2004), suggests that intra-
uterine growth retardation, rather than low birth weight
itself, is important for vascular programming.

Whilst previous studies have been observational and
have focused on low birth weight and fetal nutrition, an
experimental approach has been used to investigate the
impact of early postnatal nutrition on CVD. It has been
found that preterm infants assigned randomly to human
milk v. formula for an average of 4 weeks have marked
benefits >16 years later for the major components of the
metabolic syndrome (blood pressure, leptin ‘resistance’
suggestive of future obesity, insulin resistance and lipid
profile; Singhal et al. 2001a, 2002c, 2003, 2004b). These
observations have been confirmed in infants born at term
and have generated a novel hypothesis to explain both the
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cardiovascular benefits of breast-feeding and the ‘fetal
origins of CVD’.

The growth acceleration hypothesis

As a unifying hypothesis, it has been suggested that the
long-term benefits of breast-milk compared with formula
are a consequence of relative undernutrition and slower
growth in those breast-fed (Singhal & Lucas, 2004). In
support of this hypothesis, it has been found that a lower
nutrient intake from either human milk or standard formula
is beneficial for later insulin resistance compared with an
enriched formula (Singhal et al. 2003). These findings are
not confined to infants born prematurely. In an intervention
study of infants born full-term but small-for-gestational
age, it has been found that those randomly assigned to a
standard formula for the first 9 months have a lower blood
pressure 6–8 years later than those fed a nutrient-enriched
formula that promoted growth (A Singhal, unpublished
results). Further analysis has suggested that faster growth
explains the adverse effects of a nutrient-enriched formula
on later insulin resistance and blood pressure. Thus, these
data raise the hypothesis that relative undernutrition and
slower growth in infancy reduce risk factors for the devel-
opment of atherosclerosis, CVD and non-insulin-dependent
diabetes mellitus. Furthermore, because the growth-
retarded fetus is one category of individual that shows
faster postnatal growth (while large newborns show growth
deceleration) postnatal growth acceleration could also
explain previous associations between low birth weight
and later cardiovascular risk.

Consistent with this hypothesis, accelerated growth in
the first 2 weeks of life, the period of fastest postnatal
growth in man, is associated with greater endothelial
dysfunction in adolescence (Singhal et al. 2004a; Fig. 1).
The size of the effect is substantial. Adolescents born
preterm with the greatest weight gain during this period
have 4% lower FMD of the brachial artery than those with

the lowest weight gain, an effect similar to that of insulin-
dependent diabetes mellitus (4%; Clarkson et al. 1996)
and smoking (6%; Celermajer et al. 1993) in adults.
Interestingly, the effects of faster early postnatal growth
are independent of size at birth as measured by the z score
for birth weight (Singhal et al. 2004a). Similar adverse
effects of faster growth are seen for later insulin resistance
(Singhal et al. 2003), while others have shown previously
that faster growth in infancy is associated with greater risk
of obesity later in life (Stettler et al. 2002).

In summary, a nutrient-enriched early diet and faster
postnatal growth have a detrimental programming effect
on long-term vascular function. Both preterm and full-term
infants are programmed and the effects appear to be inde-
pendent of size at birth. The size of the effect is large and
so likely to have considerable implications for public
health.

Endothelial function and obesity

Other than programming effects by perinatal factors,
childhood is a second critical period for the early origins
of CVD. Classical cardiovascular risk factors in children,
e.g. high cholesterol concentration, are associated with
preclinical atherosclerotic changes, such as lower arterial
distensibility (Leeson et al. 2000). Childhood obesity, in
particular, has a major adverse effect on later cardiovas-
cular risk (Must et al. 1992; Vanhala et al. 1998).

Although obesity is a well-established independent risk
factor for coronary artery disease, the mechanisms that
relate fat mass to vascular health are poorly understood.
Excess fat, and particularly visceral fat, predispose to the
major components of the metabolic syndrome (blood
pressure, insulin resistance, abnormal serum lipids and
inflammation) that influence cardiac risk. Obesity might
also promote preclinical atherosclerotic changes via a direct
effect on vascular physiology.

Several reports now suggest that obesity impairs
vascular function (Williams et al. 2002). Obese individ-
uals show an impaired endothelial-mediated vasodilator
response to increased blood flow (Arcaro et al. 1999), to
insulin (Westerbacka et al. 1999) and to biochemical agents
(Steinberg et al. 1996). Similarly, obesity is associated
with greater arterial stiffness (Wildman et al. 2003) and,
as expected, visceral adiposity is particularly detrimental
(Resnick et al. 1997). In accord with a causal role for
obesity in the pathogenesis of early atherosclerosis, weight
loss improves both endothelial function (Ziccardi et al.
2002) and arterial stiffness (Yamashita et al. 1998).
However, the effect of weight loss on vascular function is
not consistent across studies. A recent report has suggested
that there is no benefit on brachial artery FMD of a
moderate extent of weight loss over 3 months (Brook et al.
2004). This discrepancy may be a result of factors such as
differences in the site or techniques used to measure
endothelial function, the diet that led to weight loss or the
time over which weight loss was achieved. Nevertheless,
these data raise the important question of the extent to
which the effects of obesity on vascular stiffness are acute
and therefore reversible.
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Fig. 1. Flow-mediated endothelial-dependent dilation in adoles-

cence according to quartiles of weight change in the first two

postnatal weeks. Values are means and 95% CI represented by

vertical bars. Analysis was by linear regression. (Data from Singhal

et al. 2004a.)
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The precise mechanism by which obesity in childhood
increases cardiovascular risk above that of fatness in
adult life remains unexplained. One possibility is that a
prolonged exposure of arteries to the metabolic milieu
associated with obesity (such as a high insulin concentra-
tion; Vanhala et al. 1998) impairs endothelial function.
Evidence of endothelial dysfunction (Tounian et al. 2001)
and increased arterial stiffness (Wildman et al. 2003) in
young individuals who are obese is, therefore, of particular
concern in view of the present epidemic of childhood
obesity.

Mechanisms

While there is now strong evidence that obesity impairs
vascular function from an early age, the underlying mech-
anism for this effect is contentious. Obese individuals more
commonly show features of the metabolic syndrome, the
clustering of phenotypes associated with increased cardio-
vascular risk. Insulin resistance is suggested to be central
to the pathogenesis of this syndrome and to explain associ-
ations between obesity and vascular dysfunction. However,
recent additions to this clustering, such as an elevation of
levels of plasminogen-activator inhibitor, microalbumin-
aria and endothelial dysfunction cannot be easily explained
by insulin-mediated mechanisms. As obesity is associated
with features of acute-phase activation and low-grade
inflammation, elevated levels of inflammatory markers such
as fibrinogen, C-reactive protein and IL-6 might also affect
vascular dysfunction. Furthermore, adipose tissue produces
cytokine-like molecules such as leptin and TNF-a, collec-
tively termed adipokines, that could affect vascular function
by their local and distant actions.

Recent reviews have addressed the effect on endothelial
function of the inter-related metabolic, biochemical and
haematological factors associated with obesity (Williams
et al. 2002; Yudkin, 2003). Abnormalities in LDL charac-
teristics, increased activity of the rennin–angiotensin sys-
tem and elevated concentrations of NEFA or TNF-a have
all been implicated. However, the most compelling evi-
dence is for an effect of inflammation, insulin resistance
and/or elevated leptin concentration on the endothelium.
The present review considers the role of insulin resistance,
but focuses predominantly on the hormonal action of
adipose tissue-derived secretions on vascular function.

Insulin resistance and endothelial dysfunction

A major unresolved issue in vascular biology is the nature
of the link between insulin resistance states and endothelial
function (Wheatcroft et al. 2003). The most accepted
hypothesis is that insulin resistance leads to endothelial
dysfunction. This hypothesis is supported by a close cor-
relation between insulin sensitivity and both basal NO
production in healthy volunteers and coronary artery endo-
thelial function in subjects with cardiovascular risk factors
but angiographically-normal coronary arteries. Treatment
of insulin resistance with metformin improves endothelial
function, which further supports this hypothesis. However,
the results of studies using insulin-sensitising drugs
(thiazolidinediones) are to date inconclusive.

An alternative hypothesis is that both insulin resistance
and endothelial dysfunction have a common antecedent,
possibly via inflammatory mediators released from adipose
tissue (Yudkin, 2003) or even a common risk factor in the
perinatal period. This common risk factor or ‘common
soil’ hypothesis, first put forward about 20 years ago,
suggests that CVD and non-insulin-dependent diabetes
mellitus share environmental and genetic antecedents (as
if both conditions were ‘springing from a common soil’;
Stern, 1996). Fetal and early postnatal nutrition have been
postulated to be the ‘common soil’ that programmes the
development of the metabolic syndrome and so affects the
propensity to both clinical CVD and non-insulin-dependent
diabetes. The findings of programming of both insulin
resistance and endothelial function by early growth accel-
eration, but no association between markers of insulin
resistance and vascular health, suggest that early growth
could be one common antecedent for the metabolic
syndrome (Singhal & Lucas, 2004).

Finally, a third hypothesis is that endothelial dysfunction
induces insulin resistance (e.g. by reducing skeletal blood
flow). However, it is unlikely that this mechanism is of
major physiological importance. It also does not explain
the association between low birth weight and both insulin
resistance and endothelial dysfunction, but no correlation
between these latter two factors (Singhal & Lucas, 2004).
Evidence of reduced muscle uptake of glucose but normal
endothelial function in men with low birth weight also sug-
gests that programming of insulin resistance can occur
independently of an effect on endothelial function (Hermann
et al. 2003). Thus, at least for programming effects, insulin
resistance and endothelial dysfunction are not necessarily
causally related.

Leptin and endothelial function

The concept that adipose tissue is not just a passive energy
store but is highly physiologically active has become
increasing important in understanding the role of obesity in
vascular disease. Adipose tissue produces several biolog-
ically-active cytokine-like molecules that could directly
affect blood vessels and hence could mediate the increased
risk of CVD associated with obesity. Of these molecules
the two most promising candidates for an effect on vascular
function are leptin and adiponectin.

The primary role of the adipocyte-derived hormone leptin
is in the regulation of appetite and body weight. Leptin
concentrations rise exponentially with increasing percentage
body fat, and obese individuals have markedly increased
leptin production, probably as a consequence of resistance
to its actions. However, the widespread distribution of func-
tioning leptin receptors on vascular cells and other cell
populations and on atherosclerotic lesions suggests that
leptin also plays an important role in vascular physiology.
In experimental models leptin has been shown to have
angiogenic activity, to increase oxidative stress in endo-
thelial cells and to promote vascular calcification and
smooth muscle cell proliferation. The hypothesis that leptin
is an important link between fat mass and the development
of atherosclerosis is supported by findings in the ob/ob
mouse, which lacks a functioning leptin gene and is
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resistant to atherosclerosis despite being grossly obese
(Nishina et al. 1994). Atherosclerosis risk in heterozygotes
is intermediate between those of ob/ob homozygotes and
control animals, which suggests a dose–response relation-
ship between leptin and the atherosclerotic process
(Nishina et al. 1994). These mice also have delayed
thrombus formation after arterial injury, a beneficial effect
that is lost after leptin administration, probably as a
consequence of leptin-mediated prothrombotic platelet
activation (Konstantinides et al. 2001).

Consistent with these experimental studies and observa-
tions in animal models, an association has been shown
between leptin and arterial distensibility that is independent
of fat mass, inflammatory markers and insulin resistance
(Singhal et al. 2002a; Fig. 2). These observations could be
explained by the action of leptin, via receptors widely
distributed on endothelial cells, to stimulate smooth muscle
cell proliferation and migration, and hence impair arterial
elasticity. Taken together with other evidence of adverse
cardiovascular effects (Ren, 2004), including an increased
risk of clinical CVD (Wallace et al. 2001), these findings
suggest that a high leptin concentration is a key link
between obesity and vascular disease. The fact that the
findings relate to healthy non-obese adolescents further
suggests that this link is important early in the athero-
sclerotic process.

Adiponectin

Adiponectin is unique amongst the adipocytokines in that
increasing fatness is associated with a lower concentration.
Adiponectin is suggested to have important anti-athero-
genic and anti-diabetic properties and is found in lower
concentrations in patients with insulin resistance, type 2
diabetes and CHD (Kumada et al. 2003). In vitro studies
suggest that adiponectin might be cardio-protective by
inhibiting TNF-a-mediated monocyte adhesion, formation
of foam cells and smooth muscle cell proliferation, and

also by promoting blood vessel growth and endothelial NO
production. In vivo, endothelial function is impaired in
adiponectin knock-out mice, whereas forced adiponectin
expression reduces atherosclerotic lesions in a mouse
model of atherosclerosis.

Recently, hypoadiponectinaemia has been associated
with impaired endothelial function in patients with mild
hypertension and type 2 diabetes, and in healthy adult
controls (Tan et al. 2004). However, there are relatively
few data for man, especially for young individuals, that
support an independent anti-atherogenic action of adipo-
nectin. In contrast to previous reports, preliminary analyses
suggest that hypoadiponectinaemia is associated with
indices of insulin resistance but not with vascular function
in healthy adolescents (A Singhal, unpublished results).
These findings suggest that adiponectin contributes to the
maintenance of insulin sensitivity in young, non-obese
individuals but does not affect the development of early
endothelial dysfunction.

Conclusion

The concept that atherosclerosis has its origins early in
life is important for public health and the prevention of
coronary artery disease. Both programming effects and
conventional cardiovascular risk factors such as obesity in
childhood have a major impact on the vascular biology of
early atherosclerosis. Consequently, the increased risk of
CVD with childhood obesity might be, in part, a conse-
quence of the detrimental effect of adipose tissue on
vascular health in general and on endothelial function in
particular. This observation and the availability of poten-
tially beneficial drugs such as statins and insulin-sensiti-
sing agents (Williams et al. 2002) point to the endothelium
as a possible therapeutic target. Clearly, therefore, further
research that aims to understand the interaction between
adipose tissue and the vasculature, and so ultimately to
reduce the cardiovascular complications of obesity, is now
of the highest priority.
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